Objective: To develop a predictive tool that could be used on admission to identify older hospitalized people at risk of functional decline 3 months after discharge. Methods: This was a prospective cohort study that included 625 patients aged 70 years and older (mean age 80.0 ± 5.6 years) hospitalized by the way of the emergency room, for at least 48 h, in two academic hospitals. Three months after discharge, 550 patients remained for analysis. On admission, people were assessed for premorbid functional status with the activities of daily living (ADL) scale and instrumental ADL scale. Demographic and medical data, including cognitive function, falls, polypharmacy, comorbidity, continence, mobility and self-rated health, were collected. ADL functioning was re-assessed at discharge and 1 and 3 months later. Functional decline was defined as the loss of at least one point on the ADL scale between the premorbid and 3-month evaluation. Univariate analyses were used to select variables associated with functional decline. A logistic regression model was then constructed to predict functional status 3 months after discharge. Results: Three months after discharge, 165 (31.5%) patients had declined. The predictive tool SHERPA includes five factors: age, impairment in premorbid instrumental ADLs, falls in the year before hospitalization, cognitive impairment (Abbreviated Mini Mental State below 15/21) and poor self-rated health. Sensitivity and specificity were 67.9% and 70.8%, respectively. Conclusions: Older people are at high risk of functional decline following hospitalization. On admission, a simple instrument can easily identify these patients, even though the performance of this instrument is moderate.
W
hen older people are admitted to hospital for an acute health problem they are at increased risk of functional decline both during hospitalization and following discharge. [1] [2] [3] Three months after discharge, 30% of older people treated for an acute illness will lose the ability to perform some activities of daily living, as compared with their pre-admission level. 2 This loss is associated with higher health resource use, institutionalization and death. 2, [4] [5] [6] [7] As functional decline associated with hospitalization begins within 48 h of admission, 8 early intervention to maintain functioning is one of the main goals of care. Therefore, optimal orientation of these patients in acute geriatric units, aimed at minimizing the risk of functional decline and other adverse outcomes, 9 is critical. In acute geriatric units and general internal wards, 62% of people older than 70 years are hospitalized in acute conditions, usually by the way of the emergency room. 10 Moreover, older people visiting the emergency department have three to seven times higher rate of hospitalization than younger people. 11 In our hospitals, 52% of people older than 70 years admitted in the emergency department are hospitalized. Therefore, the emergency room is a key place to assess the functional risk of geriatric patients. 12 Indeed, an early assessment of the functional prognosis of hospitalized elderly may help to target people who will benefit more from geriatric interventions during acute, subacute and rehabilitation phase of their illness. This early targeting may also help with triage and orientation of the patients according to the available number of different geriatric beds in the institution.
Previous studies have developed indices or scores aimed at identifying older hospitalized people at risk of functional decline. [13] [14] [15] Their use in our population raised questions because of the exclusion criteria used (nursing homes residents excluded, surgical patients excluded) or their feasibility in emergency (very low prevalence of decubitus ulcer in the emergency room, no albumin determination in routine or in emergency room, difficulty in assessing social activities in some cultural contexts).
The purpose of this work was to study functional decline associated with hospitalization in our population and to develop a scoring system that could be used as soon as possible on admission, even in the emergency room, to identify people according to their risk of losing function in activities of daily living 3 months after their hospitalization.
Methods

Subjects/participants
The study was conducted at two general academic hospitals from March 1998 to December 1998. linked to the same university, Université catholique de Louvain, in Belgium. There are differences between the sites: one hospital (hospital 1) is a 900-bed hospital located in an urban area and the other (hospital 2) is located in a rural area and has with 380 beds, including a 27-bed acute geriatric unit. At hospital 1, the majority of elderly patients are admitted in the general internal medicine wards. The patients enrolled were aged 70 years and older and were hospitalized for at least 48 h, by the way of the emergency department. The common criteria for exclusion were terminal illness, admission to the intensive care unit, admission for a stroke, length of stay shorter than 48 h, dependence for the six activities of daily living (based on retrospective reports).
Informed consent was obtained from the patient or from the caregiver for those who were unable to answer. The study protocol was approved by the ethics committees of both hospitals.
Data collection and measurements
On admission, discharge, and at 1-and 3-month follow-up, patients were interviewed by an examiner skilled in patient interviewing in hospital 2 and by a medical researcher in hospital 1. The first interview was performed within 48 h of admission. At that time, recorded information included demographic data, living conditions, previous admission to the hospital and reason for admission in emergency. For the assessment of the premorbid functional status (2 weeks before admission), 16 a retrospective evaluation was made with a modified Katz index for Activities of Daily Living (ADL) 17 and the Lawton scale for instrumental ADL (IADL). 18 For the six ADLs (bathing, dressing, walking, toileting, continence and eating) and the seven IADLs (telephoning, shopping, preparing meals, doing housework, using transportation, managing finances and taking medications) patients were quoted as independent if able to perform these without assistance (score ¼ 6 and score ¼ 7, respectively). Cognitive function was assessed by means of a shorter version (21-point) of the Folstein Mini Mental State Exam (MMSE). 19 This version was chosen for practical reasons; the last nine points were omitted because they require writing, drawing and movements that may be difficult for elderly patients in emergency department to perform. Functional data were collected by direct patient interview in most cases (83%); carers were interviewed for cognitively impaired patients. At this initial interview, a number of other relevant data were also recorded: hearing or visual impairments, alcohol habits, falls in the preceding year, continence, mobility (using or not an assistive device like a cane or rollator) and self-rated health. Comorbidity (number of associated diseases reported by the patient) and daily medications at home were noted. In addition, a single screening question for depression was asked ('do you often feel sad and depressed ?'). 20 At discharge, main diagnosis was recorded according to the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) codes (1st digit). At that time, the current ability to perform the six ADL was assessed by patient interview confirmed by interview of nurses in charge. One and 3 months after discharge, a follow-up phonecall was performed by the same investigators. Death, current ADLs and IADLs, living arrangements and rehospitalization were determined.
Both investigators were trained and a good interrater reliability was observed. In a pilot study, for the main instruments used, the intraclass correlation coefficients were 0.89 for IADL, 0.86 for ADLs and 0.77 for MMSE.
Definition of functional decline
Functional decline was defined a priori as a loss of at least one point on the ADL scale between premorbid evaluation on admission and 3-month post-discharge evaluation.
Statistical analysis
Data from both hospitals were compiled at the same place by one of the medical researchers: Unité des sciences hospitalières, School of Public Health, Université catholique de Louvain, Brussels. Data were entered using Epi-Info, version 6.04bfr, and analyses were performed using SAS, version 6.12.
Univariate analysis was first performed to identify factors associated with functional decline 3 months after discharge. As data were collected on two different sites, to adjust for this possible confounding factor we used Mantel-Haenszel stratified analyses for dichotomous variables and analysis of covariance (ANCOVA) for continuous variables.
We then used logistic regression analysis to identify independent factors associated with decline (multivariate analysis). The outcome variable was entered as the dependent variable, and variables found to have a statistically significant relationship with the outcome at a level of P < 0.05 (univariate analysis) were selected as independent variables. Adjusted odds ratio and 95% confidence intervals were calculated for each independent variable.
In order to develop a score that could help us to best predict the risk of functional decline consecutive to hospitalization, we entered into a new logistic regression model all variables selected by multivariate analysis (P < 0.05) and some factors selected by univariate analysis. These latter factors were selected according three criteria: a priori clinical relevance in predicting functional decline, possible identification on admission interview and statistical significance in univariate analysis. Continuous variables (age, IADLs) were re-coded into categorical variables. Finally, logistic regression was performed to assess the prognostic effect of the combination of the variables. Model discrimination was 
Results
Participants characteristics
The majority of patients (552; 88.3%) were assessed within 24 h of admission, of whom 225 (40.8%) were in the emergency room. Direct assessment of patients was possible for the majority (86%); carers were questioned on behalf of those unable to answer. The baseline characteristics of patients enrolled are shown in table 1. Six hundred and twenty-five patients were included. Twenty-nine patients died during index hospitalization and 44 patients died within the 3 months after discharge. Unfortunately, for two patients we could not obtain functional information at 3-month post-discharge contact. The final population left for decline analysis therefore included 550 patients. The mean age of patients was 80.0 ± 5.6 years. Fifty-six per cent were women and 49.4% were widowed. Nursing homes residents represented 15.7% of the population included. One hundred and seven (17.1%) patients were admitted in surgical wards. On admission, 47 (7.5%) patients only were independent for all premorbid IADLs (score ¼ 7). Fifty-seven patients (9.1%) were dependent for all premorbid IADLs (score ¼ 0), the majority of them (73.7%) being nursing home residents. Three months after discharge, mean scores were 3.9 ± 2.1 on ADLs scale, according to the definition of functional decline, 165 (30%) patients declined, 300 (57.5%) stayed at the same level and 57 (10.9%) improved in their ability to perform ADLs.
Development of the scoring system
Twelve variables available on admission interview were found to be associated with functional decline in univariate analysis (table 2) . A lower score on IADL pre-admission scale, MMSE score on admission lower than 15/21 and a history of fall in the previous year were independent risk factors for the outcome as selected by stepwise (backward) logistic regression. From this basic model, other variables that were thought to be relevant on a clinical basis were re-tested. Two variables that were significant in univariate analysis were added: age and poor self-perceived health. The logistic regression that best predicted functional decline was built with these five variables. a: these variables were associated with functional decline in univariate analysis with P < 0.05 b: only pathologies associated with functional decline with p < 0.1 were reported OR: odds ratio; CI: confidence interval; COPD: chronic obstructive pulmonary disease
Functional decline following hospitalization roundings taken into account (e.g. for falls, the weight was 0 if no fall occurred during the previous year, and 2 otherwise). The resulting score ranged from 0 to 11.5. Then, to simplify clinical use, but also to avoid a large category of intermediate risk patients, we collapsed contiguous rows to construct a 4-category scale. Categorization was obtained using cross tabulation between decline and SHERPA and a linear analysis for trend in proportions provided the gradient of odds ratio. Odds ratio showed that the risk of functional decline was doubled when switching from one category to the next (table 4) .
Testing of SHERPA
A logistic regression using stepwise procedure was performed (SAS proc logistic with backward selection). This regression included SHERPA and the five original predictors. Only SHERPA was included in the final model. Regression parameter was 0.783 with a standard error of 0.091, and odds ratio obtained by this analysis was 2.18. The area under the ROC curve was 0.734, indicating a moderate discrimination. For the 4-point score, the estimates of sensitivity and specificity were 67.9% and 70.8%, respectively, as computed by the SAS LOGISTIC procedure, which provides and unbiased estimate of error count. 22 Table 5 shows the sensitivity and specificity and likelihood ratio at each cut-off of the SHERPA score.
Discussion
The score we developed can be used as a simple scoring system to stratify elderly patients into high, moderate, mild and low risk groups for functional decline in the 3 months following hospitalization in emergency. It is based on five risk factors that are easily assessed on admission. (i) Age, (ii) IADL and (iii) cognitive decline assessed by MMSE are factors associated with functional decline in previous studies 2, 3, 13, 15, 23, 24 and mentioned in a recent review. 25 (iv) A history of falls in the previous year is also associated with functional decline and institutionalization. 26, 27 It is thus an important factor to consider even if its prevalence is probably underestimated when simply based on patients' recall of falls. 28 (v) Studies on self-perceived health and functional decline are less numerous; this association was shown in a study performed in a non-hospitalized population. 29 Our results showed that self-perceived as poor is a predictor of hospitalassociated functional decline in multivariate analysis.
In our study, we defined functional decline as a loss in ability to perform ADLs. Admission in nursing homes was sometimes used as an indirect measure of functional decline, 13 ,30 but we believed that institutionalization also relies on cultural and socio-demographic factors. Nevertheless, this outcome was tested in a subgroup of patients in our study, and we were able to observe an association between SHERPA score and the rate of nursing home admission 3 months after discharge (P < 0.001).
As mentioned, interviewers on admission and after discharge were the same. This could be an advantage for acceptance of telephone call, 31 but also could introduce some bias as these interviewers were not completely blinded to early data. SHERPA has not been validated yet in an independent patient sample, which is a limitation.
SHERPA has a moderate predictive discriminatory ability. This is probably explained by the fact that only patient variables available on admission were used. Our study was not designed to take into account biological variables, such as albumin, process of care or important events during hospitalization (hospitalacquired infections, delirium, deconditioning, etc.). In literature, the predictive ability of scores is also moderate. Sager et al. 14 found a ROC area of 0.65 for the HARP. Wu et al. 15 found a value of 0.81 for their predictive model of functional decline 2 months after discharge, but when that model used interview variables only, the ROC area was 0.77. Their first model included biological variables such as albumin, and medical considerations such as depth of coma, if any, the presence of dementia and depression. The ISAR score, developed on emergency elderly patients who may or not be hospitalized, had a ROC area of 0.70. 32 Our instrument performs at least as well as other instruments developed to screen patients at risk of functional decline after a hospitalization or an admission to emergency. We believe that the ability to predict functional decline with interview data on admission is limited, and that efforts should be made to collect biological and medical information, but also data on adverse events and process of care during the course of hospitalization. In this perspective, assessing the risk of functional decline should be a continuous process for older hospitalized people. SHERPA could be the first step in this process.
Its feasibility in the emergency room will help SHERPA to be well accepted by clinicians and nurses. This score could help clinicians to make explicit their clinical impressions and 
Key points
Thirty percents of older people hospitalized in emergency decline in Activities of Daily Living (ADL) functioning 3 months after discharge as compared with their pre-morbid functioning level. Five easily identified factors are predictors of functional decline following hospitalization: age, pre-morbid instrumental ADL, low Mini Mental State score, fall in the previous year and poor self-perceived health.
Based on these factors, we developed a score which stratify elderly patients into 4 categories of risk of functional decline. This instrument, named SHERPA, could provide clinicians with useful information in order to plan care and therapy of older patients.
